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www.e-arm.org epidural space to reduce inflammation and nociceptive signaling [4] . In systemic reviews, interlaminar ESI (ILESI) and transforaminal ESI (TFESI) have been shown to have some effects of pain relief for cervical radicular pain [5, 6] .
As is the case with other needle-based interventions, procedure-related complications can occur following ESI, such as vasovagal reactions, increased pain, and allergic reactions [7] . More serious adverse events such as neurologic damage related to ESI can also happen, although these are rare. TFESI is associated with more risks of the spinal cord or brain infarction, because the needle targets the neural foramen in the vicinity of the vertebral and radiculomedullary arteries [6] . The intended needle placement during ILESI is the dorsal epidural space, which increases the chance of dura puncture or epidural hematoma [8] . The choice of which technique to use should be decided in consideration of the risks and benefits for each patient [9] . In the cervical spine, ILESI is suggested as the initial approach based on the purported increased safety of the technique [10] . However, the ventral spread of the injectate with cervical ILESI is only 28% [11] . For that reason, some physicians favor TFESI, because the delivery of the injectate is directly around the inflamed nerve root and dorsal root ganglion [12] .
During cervical TFESI, the needle should be guided to the posterior aspect of neural foramen under fluoroscopy (C-arm) so as to prevent injury to the vertebral artery [13, 14] . The C-arm should be rotated to the symptomatic side by 45° to 60° in order to maximize the size of the foramen [12] . Finally, after an optimal trajectory view can be seen by tilting to the posterior side, a needle approaches the superior articular process in the direction of the posterior aspect of the intervertebral foramen [15, 16] . In CT analysis, the required rotation angle is approximately 50° [17] .
Major vessels of the carotid sheath are also located around the cervical roots. In a rat study, direct injection of particulate steroids into the carotid artery caused brain lesions [18] . If hematoma occurs due to vessel injury of the carotid artery, it might cause neck pain, headache, facial pain, miosis, and ptosis, similar to dissection of the carotid artery [19] . Eventually, it causes infarctions and leaves severe sequela of cerebral or retinal ischemic symptoms [20] [21] [22] . Fluoroscopic guidance with contrast provides proper information about epidural space and target tissue. However, it is possible to misplace the tip of injection in up to 30% of cases, because there is a limitation in directly confirming the vascular structure [23] . Hence, there is a risk of injuring the carotid sheath during cervical TFESI [24] . To our knowledge, no studies on needle entry angle mainly focusing on the carotid sheath have been reported yet.
The angle for bypassing the carotid sheath might serve as another safety parameter for physicians in addition to the conventional C-arm adjustment angle. The aim of this study was to suggest rotation C-arm angles that could prevent injury to the carotid sheath according to vertebral levels for cervical TFESI.
MATERIALS AND METHODS
This study is a retrospective study using chart review. It was approved by the Institutional Review Board of CHA Bundang Medical Center (No. 2017-11-038).
Subjects
Patients who underwent cervical spine magnetic resonance imaging (MRI) from January 2009 to October 2017 were included. The inclusion criteria were: (1) age of 18 years or older and (2) patients whose MRI scans were available. Patients were excluded if they had any cervical fractures or previous vertebral fusion surgery of more than two levels.
Measurement
Axial sections of cervical spine MRI were analyzed. Both sides of four levels of bilateral neural foramen from C3-4 to C6-7, where cervical radicular pains affected the roots by cervical disc and osseoligamentous disorders were prevalent, were selected [25, 26] . The axial section was defined as the plane of the upper third of the superior articular process and traversing intervertebral disc. The axial section optimally shows the position of the needle tip when performing TFESI [17, 27] . The first line was drawn from the lateral margin of the carotid sheath border to the mid-point of the superior articular process. The second line was drawn parallel to the ventral lamina; this is the conventional route into the neural foramen [17] . The third line was drawn from the lateral margin of the carotid artery in the sheath to the mid-point of the superior articular process in order to discriminate angles so as to avoid the internal jugular vein (IJV) and carotid artery www.e-arm.org (CA) (Fig. 1) . The angles between the vertical line passing through the spinous process and each line were measured (α is angle between the first and vertical lines not to injure the carotid sheath; β is angle between the second and vertical lines for the conventional TFESI; γ is angle between the third and vertical lines not to penetrate CA) [28] . The distance from the entry of the skin surface to the posterior tubercles for the first line (α angle) was also measured. All operations were performed using a commercially available picture archiving software, Maroview version 5.4 (Marotech Inc., Seoul, Korea). The needle entry line was drawn along the β angle and the frequency of the conventional needle entry angle penetrating the vessel was recorded after verifying that the line had passed the CA and IJV.
Review of clinical data
A chart review was performed to collect each patient's age, sex, height, and weight at the time of MRI. Body mass index (BMI) was calculated as body weight divided by the square of height.
Statistics
Descriptive analyses were performed and confidence intervals were calculated using Student t-test for continuous variables. One-way ANOVA was performed in order to determine if there was any difference between angles. Correlations among demographical factors, α/β/γ angles, and distance were analyzed using Pearson correlation tests. Intraclass correlation coefficients (ICCs) were calculated as ICC(2, 1) for inter-rater and ICC(1, 1) for intrarater reliability. All statistical analyses were performed using SPSS version 21.0 (IBM Inc., Armonk, NY, USA).
RESULTS
Of a total of 125 patients who met the inclusion criteria, 84 were ultimately analyzed after excluding those who met the exclusion criteria. The participants' demographic data are summarized in Table 1 . The mean age of these patients (48 males and 36 females) was 47.9 years. The radiologic pathologies of these patients are shown in Table  2 .
In terms of inter-rater and intra-rater reliability, the ICC values of angles and distances at each level were higher than 0.90 (p<0.001) [29] . Fig. 2 shows the average α, β, and γ angles measured for each level. Alpha (α) angles had a tendency to increase for upper cervical levels. In addition, the α angles were significantly (one-way ANOVA test, p<0.01) different between two consecutive Values are presented as number (%). Values are presented as mean±standard deviation or number (%). BMI, body mass index.
www.e-arm.org cervical vertebral levels. Beta (β) angles for conventional TFESI constantly showed a value between 45° to 47°; they slightly decreased at higher levels. There was no significant difference between C3-4 and C4-5 or between C5-6 and C6-7. However, there was a significant difference between C4-5 and C5-6 (p<0.01). Gamma (γ) angles also increased at higher cervical levels. In addition, they were significantly different between cervical levels (one-way ANOVA test, p<0.01). Conventional needle entry angle line (β angle) passed most of the carotid sheath at the measured cervical level, especially for the carotid artery.
The frequency was higher in the upper cervical level ( Table 3 ). There were significant correlations for several values (Table 4) . Among them, the correlation coefficients between BMI and distances for α angle were higher at each level.
DISCUSSION
In order to minimize the risk of injury to the carotid sheath containing the IJV and CA, C-arm rotation angles were measured and compared with conventional C-arm rotation angles by MRI analysis. The needle entry angles necessary to avoid the carotid sheath at each level (α angles) as well as angles necessary to avoid the CA (γ angles) were found to increase at higher cervical levels (Figs.  2, 3) . The average value of the needle entry angle along the posterior wall of the neural foramen (β angle) was relatively consistent. It was not different from the average of 48.7° for the C3-4 to C7-T1 levels reported in a previous article [17] . The frequency of CA penetration of conventional needle entry line was higher in the upper cervical level.
The presence of larger α angles than β angles suggests that the needle insertion angle should be in a shallower slope, requiring more C-arm rotation angle than the conventional rotation angle so as to avoid injuring the carotid sheath. Since α angles are larger at higher levels, the chance of α angles exceeding β angles becomes higher. In other words, the needle is more likely to penetrate the carotid sheath if only β angle is considered, as is the case in conventional cervical TFESI at upper cervical levels. This finding is thought to be consistent with the anatomic relationship in three-dimensional view [30] . The common carotid artery (CCA) contained in the carotid sheath is divided into internal and external CAs around the C4 level. Internal CA travels the deeper pathway in the ca- www.e-arm.org www.e-arm.org rotid sheath. IJV moves to the lateral side of the CA up to the C3-4 level. The margin of the carotid sheath is mostly determined by IJV [31] [32] [33] . Considering the anterior to posterior passage of the carotid sheath from the aortic arch to the skull base as well as the lordotic curvature of the cervical vertebrae, they become closer at higher cervical levels (Fig. 4) .
In the carotid sheath, IJV is located lateral to the CA in about 70% of cases [34] . The needle approaches from the lateral to the medial side during cervical TFESI, and the penetration of IJV might be a trivial issue. However, in 30% of cases, anterior or even medial positions of IJV to the CA are reported [34] . Avoiding injury of CA is critical for safe interventions. In addition, the γ angle avoiding injury to the CA, similar to the tendency of the α angle, was found to be larger than the β angle at upper cervical level. The frequency of CA penetration injury increased at higher cervical levels (Fig. 2, Table 3 ). Therefore, for upper cervical levels, an injection route considering the position of the CA through cervical MRI analysis is required.
In previous literature, Nishio [35] proposed that preprocedural evaluation should include analysis of patient's MRI so as to confirm the locations of certain structures such as neural foramen and vertebral and carotid artery. However, the proposal was at the level of suggestion without statistical analysis. In 2017, Karm et al. [28] suggested a new injection route parallel to the midpoint of the superior articular process's ventral border with lower frequency of penetrating vertebral and carotid arteries and IJV in comparison to the conventional injection route. The angles of the new injection route ranged from 66° to 72°, which were greater than 48.7°, the angle of the conventional injection route [17, 28] . Interestingly, the penetrating frequency of IJV and CCA at C5-6 was higher than that of C7-T1 with the new injection route [28] . Although the study did not describe tendency, it was consistent with our result in that the likelihood of major vessel injuries increased at higher cervical levels. Otherwise, the frequency of penetrating CCA by β angle (conventional TFESI route) was similar, although that of IJV was higher compared to that in a previous study [28] . This discrepancy might be due to the fact that different subjects were analyzed. Overall, some results of that study [28] support the results of the present study. That study focused on proposing an intuitive needle entry line for clinical application [28] . However, in the present study, the needle entry angle showed that the upper cervical level had a higher injury rate of the CA. Thus, we suggested a value that could be used as reference.
This study has several limitations. First, this study employed a retrospective design. Although exclusion criteria were applied, some heterogeneity of subjects existed because the patient population was not completely controlled. Second, the sample size was small for general application. Third, the axial section of MRI image might not be exactly identical in C-arm view.
In conclusion, carotid sheath injury may occur if only β angles are considered to maximize neural foramen during conventional cervical TFESI using C-arm. The risk of major vessel penetrating injury was found to be higher at upper cervical levels. Therefore, prior to cervical TFESI, it is recommended to measure the angle so as to avoid carotid vessels in an axial section of CT or MRI. This might contribute to the development of a safer procedure. 
